We experienced a case of very late in-stent restenosis of a sirolimus-eluting stent (SES) (3.0 mm × 18 mm) in the left anterior descending coronary artery in a 62-year-old man with type 2 diabetes mellitus, dyslipidemia, and hypertension. Angina pectoris recurred 39 months after the index percutaneous coronary intervention (PCI). We performed PCI with optical coherence tomography (OCT) and intravascular ultrasound (IVUS) guidance. OCT showed very eccentric low signal plaque with a high signal thin cap on the delayed healing stent struts without intimal coverage. IVUS showed that the plaque was eccentric and hypoechogenic with a ''black hole appearance.'' We used a filter wire (Filtrap TM , Nipro, Osaka, Japan) to prevent distal embolism. Filter no-reflow occurred after predilatation. We deployed a paclitaxel-eluting stent followed by postdilatation. After aspiration and Filtrap TM withdrawal, thrombolysis in myocardial infarction 3 flow was obtained. Histopathological analysis revealed that the main tissue was composed of fibrin deposits with scarce inflammatory cells and proteoglycans. This case revealed that fibrin formation is related to very late in-stent restenosis and OCT and IVUS characteristics of this case are shown. © 2011 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved. * Corresponding author at: Nagoya City East Medical Center, Division of Cardiology, 1-2-23 Wakamizu, Chikusa-ku, Nagoya, Aichi 464-8547, Japan. Tel.: +81 52 721 7171; fax: +81 52 721 1308.
Summary We experienced a case of very late in-stent restenosis of a sirolimus-eluting stent (SES) (3.0 mm × 18 mm) in the left anterior descending coronary artery in a 62-year-old man with type 2 diabetes mellitus, dyslipidemia, and hypertension. Angina pectoris recurred 39 months after the index percutaneous coronary intervention (PCI). We performed PCI with optical coherence tomography (OCT) and intravascular ultrasound (IVUS) guidance. OCT showed very eccentric low signal plaque with a high signal thin cap on the delayed healing stent struts without intimal coverage. IVUS showed that the plaque was eccentric and hypoechogenic with a ''black hole appearance.'' We used a filter wire (Filtrap TM , Nipro, Osaka, Japan) to prevent distal embolism. Filter no-reflow occurred after predilatation. We deployed a paclitaxel-eluting stent followed by postdilatation. After aspiration and Filtrap TM withdrawal, thrombolysis in myocardial infarction 3 flow was obtained. Histopathological analysis revealed that the main tissue was composed of fibrin deposits with scarce inflammatory cells and proteoglycans. This case revealed that fibrin formation is related to very late in-stent restenosis and OCT and IVUS characteristics of this case are shown. © 2011 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved. Fig. 1A and B ). This ISR lesion had two tandem stenoses in the stent. The patient was continued on dual antiplatelet therapy (aspirin and ticlopidine).
PCI was performed using both intravascular ultrasound (IVUS) and optical coherence tomography (OCT) in March 2010, two months after the diagnostic coronary angiography. The angiographic stenosis and morphology of this ISR did not change for two months (Fig. 1C) . OCT and IVUS were performed before PCI. OCT revealed that the predominant feature of the restenotic tissue structure was heterogeneous with low backscatter according to the classification of Gonzalo et al. [1] . A superficial high signal cap (Fig. 1D ) and uncovered stent struts (Fig. 1E) were also identified. We divided this heterogeneous restenotic tissue into two patterns based on the backscatter features and thickness of the fibrous cap. The majority of tissue in the restenotic areas was located in both proximal and distal stenoses, where backscatter was low and backward stent struts could be identified. On the other hand, in the very short segment (2-mm long proximal part of the distal stenosis) (Fig. 1F) , there was a whole circular thin cap fibroatheroma (TCFA) with very low backscatter completely hiding the stent struts suggesting lipid-laden plaque [2] . There was no intraluminal material protruding into the vessel lumen. The IVUS finding was low echoic, including a very low part, suggesting a ''black hole appearance'' (Fig. 1G) at a point almost identical to arrow 2 in Fig. 1A . IVUS could not discriminate the two features of restenotic tissue observed by OCT. Based on these findings, we suspected this lesion may be a vulnerable plaque and decided to use a filter wire (Filtrap TM , Nipro, Osaka, Japan) to prevent distal embolism. With a Filtrap TM placed in the distal LAD, predilatation was performed resulting in filter no reflow. We deployed a paclitaxel-eluting stent (Taxus Liberty TM , Boston Scientific, Natick, MA, USA) stent (3.0 mm × 20 mm) and postdilated with a high pressure balloon. After aspiration and Filtrap TM withdrawal, thrombolysis in myocardial infarction (TIMI) 3 flow was restored without slow flow or a distal embolism. No electrocardiographic changes or creatine phosphokinase elevation was observed on the next day. Special staining and immunohistological examination of collected material revealed it consisted mainly of a fibrin thrombus with scarce proteoglycans and no smooth muscle cells ( Fig. 2A-F) .
Discussion
In this case report we showed the OCT and IVUS findings of very late ISR after SES implantation which was mainly composed of fibrin thrombus by the pathological analysis of retrieved tissue.
The phenomenon of late ISR is rather infrequent, occurring in 2.6% of treated lesions [3] , but has a steady annual rate after SES implantation. The mechanisms of the late catch-up phenomenon are incompletely understood. Long-term inflammation has been reported after SES implantation by pathological observation in humans [4] . Since the sirolimus is eluted from the stent completely within about 120 days, this inflammation might be due to polymer toxicity or hypersensitivity. We speculated that inflammation and delayed healing with coronary endothelial dysfunction [5, 6] might be related to the fibrin thrombus formation. Recently, it has been reported that the other cause of late ISR is neoatherosclerosis that formed in the stent [2, 7, 8] . Thus, there is also a possibility that retrieved fibrin in this case had been formed during a previous rupture of neoatherosclerosis that formed in the stent [2, 7] . In fact, TCFA was recognized in the short segment of the restenotic tissue suggesting the existence of neoatherosclerosis. On the other hand, Sawada et al. [9] recently reported that some subclinical intra-stent thrombi might eventually result in drug-eluting stent (DES) ISR and some restenosed DES neointima might be configured by thrombi. This possibility leads to the hypothesis that the CYP2C19*2 polymorphism is associated with DES restenosis as well as intra-stent thrombus through a poor response to clopidogrel. Although the patient had taken both aspirin and ticlopidine, drug resistance should also be considered.
To date, there are no OCT criteria for organized thrombus and fibrinoid corresponding with histological validation [10] . In this very late ISR after SES, we speculated that low backscatter backward with a superficial high signal fibrous cap, where stent struts were identified by OCT and low echoic plaque by IVUS might suggest fibrin thrombus. Special staining and immunohistological study showed that there was no massive deposition of proteoglycans or smooth muscle cells. Because all restenotic tissue could not be retrieved in this case, it is impossible to determine the OCT and IVUS features of a fibrin thrombus definitely.
Conclusions
The present case indicates that fibrin formation is related to very late ISR. The OCT and IVUS findings of this case were demonstrated.
